Phthalocyanines (Pcs) are worldwide known pigments for paints, plastic, rubber and automobile. (1) The high architectural flexibility in structure of phthalocyanines facilitates the controlling of their physical and photonic properties. Further applications of phthalocyanines include laser dyes (2) , liquid crystals (3) , applications to optical data storage (computer recordable DVDs) (4) , gas sensors (5) , as photosenstizers (6) , and as NIR electrochromic materials (7) .
Generally, the phthalocyanine molecule is a hetero system contains four condensed isoindoline rings in a symmetrical planar 18 -electron aromatic macrocycle, closely related to the naturally occurring porphyrins (8) . Phthalocyanines can be prepared starting from different o-phthalic acid derivatives among which ophthalic anhydride derivatives are of great interest because of their low cost. Phthalocyanines form dimeric aggregates in organic solvents and this gives rise to poor solubility (9) . However, the solubility can be enhanced by introducing peripheral or non-peripheral substituting groups (10) . Furthermore, the molecular aggregation reduces the fluorescence of the Pc dye since it provides an efficient non-radiative energy relaxation pathway (11) . Phthalocyanines substituted with fluoro containing groups are currently receiving a great deal of attention (12, 13) because of their high solubility in polar solvents and high efficiency in many photosensitizing applications (14, 15) . The solubility of these derivatives in polar solvents is mainly attributed to the extreme electronegativity of the fluorine atom (17) . Fluorine-containing hyberbranched polymers terminated with Co(II)Pc are also known (18) . Hexafluoroisopropylidene bridged oxotitanium-phthalocyanine polymers were synthesized from tetramerization of hexafluoroisopropylidene benzene dicarboxylic acid dianhydride (6FDA) and urea in the presence of Ti(OBu) 4 and ammonium molybdate as a catalyst (19) .
The ultimate goal of this work is to prepare novel metal-phthalocyanines which are peripherally substituted with hexafluoroisopropylidene groups of expected high solubility in organic solvents and high fluorescence quantum yields. To the best of our knowledge, these derivatives have not been investigated yet with respect to synthesis or optical properties.
Experimental

Materials
4,4`-(Hexafluoroisopropylidene) diphthalic anhydride (6FDA) (1) was purchased from Acros, Germany (99%). Co(II)Ac.4H 2 O, Ni(II)Ac.4H 2 O, Cu(II)Ac (98%), DBU, and energy transfer matrices used for FAB-MS and MALDI-TOF-MS were purchased from Sigma-Aldrich Chemical Co. DMF and nitrobenzene were distilled under reduced pressure and kept in dark bottles under argon till use. Urea was product of Riedel-de Haen, Germany and dried at 100°C before use. Other solvents and other chemicals were purchased from SigmaAldrich Chemical Co. of pure grade and used without further purification.
Methods
Elemental analysis (C, H and N) was performed by combustion of the samples at 1150 o C in a Vario Elementar EL instrument. UV-Vis spectra were recorded at room temperature in the range from 200-1200 nm using a computerized recording spectrophotometer (type JASCO corp., V-570, Rel-00, Japan).
1
H-NMR spectra were recorded on JEOL-ECA 500MHz spectrometer instrument, Japan using d 6 -DMSO as a solvent. The infrared absorption spectra of the prepared samples were measured in the range 4000-400 cm −1 by an infrared spectrometer (type Jasco FT/IR-430, Japan) using the KBr disc technique. GPC measurements were carried out using Agilent 1100 series, gel permeation chromatography, Germany equipped with refractive index detector using THF as an eluent and calibrated PL 5µm, (100, 10 4 , 10 5 Å) on series of columns against polystyrene standard. Thermal gravimetric analysis was performed under nitrogen using Perkin Elmer Thermogravimetric Analyzer TGA7, USA with heating rate 10°C.min -1 . Fast atom bombardment (FAB) mass spectra were measured on a Bruker APEX 47e using 3-nitrobenzyl alcohol as a matrix. Determination of metals was achieved using a double beam flame atomic absorption, Varian Spectra A-220 equipped with cross flow nebulizer after decomposition of the samples by heating in nitric acid.
Synthesis of low molecular weight phthalocyanines
Synthesis of 2(3), 9(10) , 16(17) 
Synthesis of 2(3),9(10),16(17),23(24)-Tetrakis-2'-(4-hexafluoroisopropylidenephthalic acid)-phthalocyaninatocopper(II) 4
This compound was prepared by the same above mentioned method using Cu(II)acetate as a metal precursor. Color: dark bluish green, Yield: 1. 
Synthesis of high molecular weight Ni(II)Pc 6
This compound was prepared by the same above mentioned method using Ni(II)acetate as a metal precursor. Color: dark blue, Yield: 0. 
Synthesis of high molecular weight Cu(II)Pc 7
This compound was prepared by the same above mentioned method using Cu(II) acetate as a metal precursor. Color: dark blue, Yield: 1.1 g. Elemental analysis: %C 38.1, %H 6.4, %N18.2, %Co 4.6. Mass spectra (MALDI-TOF): cluster peaks up to 11000. GPC: Mw/Mn= 1.49.
Results and Discussions
Low molecular weight phthalocyanines
Reaction of (4,4`-(hexafluoroisopropylidene)di-phthalic-anhydride 1 with metal salts in ration 4:1 ratio in presence of urea, DBU and nitrobenzene at relatively low temperature (190 o C), was found to produce the corresponding low molecular weight tetrasubstituted metal-phthalocyanines 2-4 rather than the network polymers. The anhydride groups are converted to the carboxyl groups within the purification procedures using HCl and KOH. As all of 2,3-tetrasubstituted phthalocyanines (20) , the dark green products 2-4 were collected as a mixture of four constitutional isomers (C 4h , C 2v , D 2h , C S ) (Scheme 1). The high solubility of the prepared metal-phthalocyanines is attributed to the fact that bulk groups reduce the aggregation by reducing the side-to-side interaction of the Pc molecules and afford four possible constitutional isomers which contribute also to part of the solubility. (21) Interestingly, the six peripheral fluoro atoms were found to confer increased solubility of the complexes in halogenated solvents such as chloroform and dichloromethane. Purification of the products by sublimation at high temperature has been avoided since the ring-substituted phthalocyanines decompose without sublimation at 250°C on upwards. 
GPC measurements
The solubility of the prepared metal-phthalocyanines allowed performing gel permeation chromatography using THF as an eluent. The results of GPC measurements of the prepared phthalocyanines 2-4 showed a distribution index about the unity with Mw/Mn=1.11. Consequently the formation of network polymers under the applied mild reaction conditions can be safely ruled out.
UV-Vis spectra
Metal-containing phthalocyanines exhibit several - * transitions: Q-band at 700-500 nm, B-or Soret-band at 400-320 nm, N-band at 330-280 nm and L-band at 270-210 nm. (22, 23) The electronic absorption spectra of compounds 2-4 in DMF (Table 1 and Fig. 1) show two principal - * transitions: a Q-band (656-670 nm) due to - * transition from (HUMO) to (LUMO) of the phthalocyanine macrocycle and a B-band (Soret) (347-390 nm) related to a higher energy transition from HOMO's of symmetry (a 1u and a 2u ) to the LUMO of symmetry (e g ) (24) . The less intense vibrational satellites of the Q bands (597-610 nm) are exitonic transitions due to molecular interaction of the aggregated molecules. (25) The N-bands are expected due to the transition between b 2g →e g (26) . The absence of L-band in the spectra (270-210 nm) may be attributed to the cut-off point of (24) . The Q band in the spectra of the prepared metal-phthalocyanines 2-4 is displaced by 10 nm toward shorter wavelengths relative to the corresponding band in the spectra of their unsubstituted analogues or those substituted with donating groups (27, 28) . This bathochromic shift is attributed to the presence of electron withdrawing groups, the two trifluoromthyl groups, at the periphery of the phthalocyanine macrocycle. The presence of isomers could be verified by the slight broadening encountered in the UV-Vis absorption bands (29) . The Q-band in the spectra of the copper complex 4 is red shifted relative to the corresponding band in the cobalt analogue 2 because copper has a larger ionic radius than that of cobalt (28) . 
Fig. 1. UV-Vis spectra of the prepared metal-phthalocyanines (2 solid line; 3 dashed; 4 dots).
IR spectra
The vibration spectra of the prepared metal-phthalocyanines 2-4 are dominantly internal vibrations of the Pc 2-ligand. The IR absorptions common to the spectra of the basic Pc moiety, such as ν C=C arom. at 1606-1608 cm -1 , were observed (Table 2 and Fig. 2) . The most important features in the spectra are: the ) due to the carboxy OH groups (30) , the strong band at 1720-1724 due to ν C=O , the medium band (3073 cm -1 ) due to aromatic -C-H, and the strong absorption at 1358 cm -1 which is attributed to -C-F stretching band (31) . The last phthalocyanine product may have carboxylic, imide or amide end group. This can be determined from the infrared spectra, since each type of functional group gives a characteristic pattern in the region 1800-1600 cm -1 (32) . The prepared metal-phthalocyanines 2-4 show the model corresponding to carboxylic end group (Fig. 3) . 
TGA measurements
Phthalocyanines are often of interest as thermostable materials (36) . The thermal stability of phthalocyanines depends on several chemical and physical factors. The chemical factors include nature of the metal, the substituent and the end group. The physical factors include the heating rate and the particle size of the sample. Generally, low molecular weight Pcs are more thermally stable than their high molecular weight analogues (36) . Ring substituted low molecular weight metal-phthalocyanines decompose without sublimation (36) . NiPcs are more thermally stable than CoPcs and CuPcs. Adsorbed gases such as CO 2 , N 2 , O 2 and HCN, will be released from 100°C on upwards (36) .
TGA measurements of the prepared compounds 2-4 were carried out under inert conditions with heating rate 10°C/min (Fig. 5) . A weight loss of about 8-10% in the range of 100-200 °C is observed and may be attributed to dehydration process which is characteristic for MPcs with end carboxylic groups (36) . The thermal decomposition of the Pc macrocycle and demetallation begins at about 200°C and onwards. The complete degradation of the phthalocyanine macrocycle occurs in the range of 320-450°C. 
High molecular weight phthalocyanines 5-7
Phthalocyanine polymers, firstly reported by Marvell and his coworkers (37) , are generally prepared by polycyclotetramerization of tetra functional building blocks such as 1,2,4,5-benzene-tetracarboxylic dianhydride or 1,2,4,5-benzenetetracarbo-nitrile with a metal salt, urea and a catalyst. Abd El-Ghaffar et al. (38) have prepared a series of phthalocyanine polymers containing the transition metal Cu, Co, Cr, and Fe from pyromellitic dianhydride by the conventional urea fusion method. Abd El-Ghaffar et al. (39) have also prepared fluorinated phthalocyanine and phthalocyanine enaminonitrile polymers. It is well known in literature that the conditions of the reaction between tetrafunctional phthalic acid derivatives and metal salts determine whether the product is a tetrasubstituted low molecular weight or a network high molecular weight phthalocyanine (40, 32) .These previous studies on production of structurally uniform network phthalocyanine polymers from their tetracarboxylic acid derivatives revealed that the best results were obtained by heating a mixture of the tetra-functional precursor, metal salt, urea and catalyst in a molar ratio of 1:0.5:18.86:0.007, respectively at temperature 250-270°C for 30-60 min. Applying these optimum conditions for the phthalocyanine precursor 1 resulted in formation of dark blue network polymers 5-7 (Fig. 6) . The enhanced solubility of the prepared polymers in DMF relative to nearly all known phthalocyanine sheet polymers may be attributed to the presence of the (hexafluoroisopropylidene) bridges. To the best of our knowledge, synthesis of DMF partially soluble phthalocyanine network polymers is reported only once in the literature (41) . MALDI-TOF (Matrix Assisted Laser Desorption-Time of Flight) spectroscopy is a powerful technique for molecular weight determination of polymers a and high molecular weight phthalocyanines (43, 44) . MALDI-TOF mass spectroscopic measurements were carried out on the prepared high molecular weight metal-phthalocyanines 5-7 using different energy transfer matrices. The molecular weight of the prepared high molecular weight metal-phthalocyanines 5-7 was characterized as 11000-19600 classified as high molecular weight species with 6-11 degree of polymerization. Higher cluster peaks were obtained but no distinct m/z values could be distinguished. GPC measurements were carried out for the DMF soluble part of the prepared phthalocyanine polymers 5-7 and the results showed the polydispersity (Mw/Mn) =1.48-1.49. Atomic absorption spectroscopic measurements of the prepared Pc polymers 5-7 were carried out after degradation of the samples by heating in concentrated nitric acid for 60 min. The results showed higher metal content than that of the corresponding low molecular weight species 2-4 and this may be considered as an evidence for the formation of network polymers. UV-Vis spectroscopic measurements of the prepared polymers 5-7 as well as their low molecular weight analogues 2-4 were carried out in sulfuric acid for comparison (Fig. 7) . The spectra of the polymers show the absorption bands characteristic for the basic phthalocyanine skeleton. However, the high molecular weight metalphthalocyanines show slight red shift of both Q-and B-bands and higher absorption coefficient relative to their low molecular weight analogues. Both low and high-molecular weight phthaloyanines show a strong red shift to the near infrared region (NIR) with respect to the spectra recorded in DMF, because of the protonation caused by concentrated sulfuric acid (45) . Fig. 7 . UV-Vis spectra of the prepared low molecular weight Cu(II)Pc 4 and high molecular weight copper-phthalocyanine 7 in conc. sulfuric acid.
IR spectra
The IR spectra of the prepared high molecular weight metal-phthalocyanines 5-7 are similar to those of their low molecular weight analogues and show the basic absorptions characteristic for the basic structure of phthalocyanines (Fig.8) .
The most important features in the IR spectra of 5-7 is the broadening, lower resolution and absence of some weak absorption bands observed in the spectra of their low molecular weight species. These results agree well with the literature reports. 
TGA measurements
Generally, the thermal stability of a metal-phthalocyanine increases with increasing atomic number of the metal-ligand in the first transition series because of increasing the covalent bond character. Thermal gravimetric analysis of the prepared high molecular weight metal-phthalocyanines 5-7 ( Fig. 9) were carried out under nitrogen to avoid the thermo-oxidative decomposition. A small weight loss of about 2-5% was observed 50-120°C which may be attributed to the loss of adsorbed molecules such as N 2 , O 2 and CO 2 . The prepared MPcs 5-7 are thermally stable up to 280-300°C afterwards the decomposition of the basic phthalocyanine skeleton begins and completed at about 420°C. 
Conclusions
In conclusion, we have designed and synthesized novel species of low and high-molecular weight fluoro-containing metal-phthalocyanines. The structure determination and characterization of the prepared metal phthalocyanine species were achieved via chemical, physical, thermal and spectroscopic analytical methods. The designed and synthesized soluble fluoro-containing low-and high molecular weight metal-phthalocyanine are of expected enhanced photoconducting and non-linear optical properties. These measurements are in progress and will be reported in a due course.
